These substances were meant to be able to grow and develop [10, 14, 16, 25] . A number of experiments have demonstrated the possibility of constructing viable cardiovascular structures. This has been achieved by cells application to synthetic polymers, collagen or xenogenic scaffolds [23] .
At the same time, there is a hypothesis according to which tissue engineering can produce a more advanced prosthesis -alive, capable of growing, adaptable, autologous and customizable. The essence of this hypothesis is to utilize the xenogenic decellularized heart valves. To create a living autologous tissue, such valves are to possess significantly lower antigenicity and be ideal for prosthesis repopulation by recipient cells [26] .
The success in creating viable autologous cardiovascular substitute depends on the three main elements: autologous cells suitable by their nature both phenotypically and functionally (1 st ); matrix as a temporary scaffold that provides tissue strength as long as the extracellular matrix with autologous cells has been synthesized (2 nd ); tissue formation and gaining full development in vitro conditions close to physiological ones (3 rd ) [23] . The use for this purpose of xenogenous extracellular matrix will allow receive the natural alive basis in the shortest time. Apart from already said advantages, such matrix has lower production cost making it thus more affordable for patients.
Extracellular matrix is considered in light of its role in the maintaining of the structure and three-dimensional shape of the corresponding organ. It plays the role of a dynamic connection with resident cell population. The phenotype of this population, including genetic profile, protein structure and functioning, depends on the micro environment (niche), namely: oxygen concentration, pH, mechanical strength and medium biochemistry [5, 11] .The resident cells, in turn, secrete appropriate molecules promoting effective functioning and communication with neighboring cell populations.
Apart from the role of the matrix in the homeostasis development and maintenance, it can be used as an inductive scaffold, contributing to postsurgery remodeling response. The mechanism of this response lies in the release of latent peptides presenting mitogens and chemo attractants for the endogenous stem and progenitor cells. Also this mechanism promotes modulation of the innate immune response and provides stimulation of tissue-specific molecules for maintaining phenotype and cell functioning [11] .
The matrix scaffold, made by means of decellularization, can stimulate the appropriate cell phenotype during repopulation via presentation of the ligands and biologically active molecules which are necessary for the resident and migrating cells for self-organization into functional groups created for the formation of normal structure and functioning [11, 27] .
The extracellular matrix is composed of several major classes of protein molecules: proteoglycans, represented by the proteins coupled with polysaccharides, glycosaminoglycans; and fibrous proteins of two functional types: mainly structural (family of collagen and elastin) and adhesive (family of fibronectin or laminin) [9] . All the above mentioned proteins belong to the group of protein-carbohydrate complexes.
Collagen is the basic structural fibrillar protein of the extracellular matrix, which is found in all multicellular organisms. In the human body it makes 25 to 33 % of total protein content, i.e. about 6 % of body weight. Collagens are secreted by the connective tissue as well as by various other types of cells. Over 25 different collagen α-chains are known, each of which is encoded by their genes [7] . Various combinations of these genes are expressed in different tissues. Thus the predominance of a particular type of collagen is determined by the role that collagen plays in a particular organ or tissue. One of the most important properties of the collagen fibers is their mechanical strength. [29] For example, myocardial interstitium consists of a network of collagen fibers, mainly types I and II. Stiffness of heart muscle is determined by type I collagen (80% myocardium collagen), and elasticityby type III collagen (10% heart collagen), other types of collagen (II, IV-VI) are normally in small quantities [28] . Collagens are synthesized from procollagen; and this process occurs in myocardial fibroblasts [13] . Also they produce extracellular matrix proteins such as fibronectin [12] .
The ability of connective tissue structures to restore shape after mechanical impact is related to a network of elastic fibers, based on the family of elastin proteins. Elastin is a hydrophilic protein which is synthesized by fibroblasts and smooth muscle cells, containing about 750 amino acids. Characteristic for elastin is the presence of two amino acid derivatives -desmosine and isodesmosine. They are involved in the stabilization of elastin molecular structure and giving it the elasticity and stretch ability [7, 27] . Like the collagen, its molecule has unusually high amount of proline and glycine. However, elastin is not glycosylated and contains little hydroxyproline and hydroxylysine.
Another group of substances is included in the structure of the matrix are glycoproteins («non-collagenous proteins»). This is a class of protein compounds with oligosaccharides (hexosamines, hexoses, fucoses and sialic acids). Glycoproteins are in the composition of both fibers and amorphous substances [3, 5, 15, 19] . Fibronectin is the major fibroblast surface glycoprotein. In the extracellular space it is mainly linked with interstitial collagen. It is believed that fibronectin causes adhesion, migration, growth and differentiation of cells, providing cell-matrix interactions. Laminin is a key basement membrane component of the large adhesive glycoprotein family. It consists of three polypeptide chains linked together by disulfide compounds, as well as with type V collagen and cell surface receptors. Similar to the fibronectin, it is responsible for the adhesion, migration, growth and differentiation of cells [3, 7, 22] .
Fibers and connective tissue cells are enclosed in an amorphous component or a basic substance. This gel-like substance is a metabolic, integrative and multi-component buffer environment that surrounds the cell and fibrous connective tissue structures, neural and vascular elements. Among the components of the base material, there are certain organic and inorganic compounds, including soluble precursors of collagen and elastin, proteoglycans, glycoproteins, and the complexes formed by them. All of these substances are in constant motion and renewal. Glycosaminoglycans are mucopolysaccharide compounds, linear polymers, built from repeating disaccharide units. They are permeable to oxygen and CO 2 , but protect organs against penetration of foreign particles and proteins. Glycosaminoglycans are involved in the formation of fibrous connective tissue structures, and their mechanical properties, in the reparative connective tissue processes, in regulation of growth and differentiation of cells. Hyaluronic acid is the most common among glycosaminoglycans in the connective tissue [3, 22] .
Notably that in general the structural and functional extracellular matrix molecules belong to the class of highly conservative proteins (amino acid composition of the proteins has a small variability among various kinds) that almost completely explains the absence of an immune response after xenotransplantation [11] .
Thus, an important and sufficient condition of the absence of immune response to xenograft is the absence of its cellular component since the cell elements proper of the xenograft are its main inductor [24] .
Of today, several methods of pre-transplant treatment of transplants have been developed. They provide a donor cell death without using crosslinking agents, and a subsequent colonization of the recipient cells prior to implantation. It is believed that this approach, in addition to reducing the immune response severity, will also reduce the interstitial calcification. [2] According to this hypothesis, recellularisation of a transplant with recipient cells may have a positive effect on the normalization of calcium and phosphorus metabolism in the tissue and its reparation. Moreover, the increase in longevity of the transplanted valve also depends on how quickly the tissue forming cells of the recipient will penetrate into the matrix of the donor valve, form a population out there, and start creating their own matrix. In this case, you can expect to self-renewal of bioprosthesis, and its further development in vivo, combined with the development and growth of the organism [5] .
Of now, a variety of tissue decellularization methods has been developed in the world. All of them can be grouped into two main groups: methods, suggesting the use of substances that cause necrosis; and methods allowing decellularization by inducing apoptotic cell death. The first group fully allows achieve the desired effect within a relatively short period of time. The given methods are realized by the use of osmotic shock with distilled water; exposure in the cryoprotective mixture; processing with nucleases (DNase, RNase), proteolytic enzymes (trypsin), various surface active substances (Triton X-100, digitonin) for breaking the cell membrane [5, 15] . Under the influence of Triton X-100 and trypsin a virtually complete absence of cells on the matrix is achieved. Nevertheless, both methods of treatment are destructive against elastic matrix fiber, which entails a loss of the stretchability. Lower intensity, but all the same, they have harmful effect on the collagen fibers, which are much responsible for strength of the valve matrix, especially important during diastole. Furthermore trypsin and Triton X-100 negatively impact on condition of glycosaminoglycans. This leads to a deformation of the valve and, as a result, to its functioning abnormality. Fibronectin, which plays a key role in the processes of cell migration and proliferation, is also amenable to the destructive effects of trypsin and Triton X-100. The use of chemical agents for removing of cellular elements affects the density of collagen fibers, lowering it and increasing the interfibrillar space. This process is directly related to the development of valve insufficiency after transplantation [2, 15, 20] .
The second group of techniques (apoptosis-inducing) has its obvious advantages, despite great time spending required for their fulfilment. These include, first of all, the possibility of maintaining the integrity of the extracellular matrix that is a priority requirement in the conditions of using matrix as the temporary base for the recipient cells. Such base gives tissues the strength to perform the given function by newly synthesized autologous matrix [1, 5] .
Another very important task is to prevent graft calcification in postimplantation period [2] . Calcification, in this case, means the formation of calcium containing deposits on the surface or in the depth of implantable items. This process plays a positive role in reconstructive surgery of bone tissue, when implanted structures (pins, joint prostheses, etc.) are exposed to calcification. However, in case of cardiovascular grafts calcification, this leads to the loss of prosthesis functional properties and to the necessity of repeated operations. [4] In studying the causes and course of the calcification process one should take into account the composition of calcium containing deposits and their localization, which can be internal and external [24] . In the first case the deposition is located in the depth of the material, for example, in the collagen fibers (intrafibrillary). In case of external localization, deposits are formed in the interfibrillar space or on the material's surface. Mechanical loads, to which the implant is subjected, play a significant role in the location of the deposits. Thus, calcium phosphates tend to be found in the places of intense mechanical loads, regardless of the type of prosthesis' biomaterial. Evidently, it is caused by the changes of surface energy characteristics produced by the dynamic loads and the appearance of areas with increased internal energy. Loosening of the material structure and injury of the fibers themselves is possible, using natural materials in prostheses production. This is followed by the formation of so-called «traps» for the cells or macrocomplexes, containing calcium. That further stimulates the appearance of crystallization places [6] .
To understand the mechanism of biomaterials calcification it is necessary to identify the factors influencing this process. Purposedesigned experimental investigations are being carried out in vitro and in vivo. None of them have provided a complete and accurate picture. In the first case, it is not correctly to approximate data from in vitro conditions to an organism. And in the second case, a multicomponent environment of a living organism complicates assessing of one isolated factor [2] . However, the tissue with necrotic cells undergoes this process more quickly. Dead cells are essential for local change in the concentration of calcium, phosphate, proteins, lipids and enzymes. This causes deposition of soluble forms of calcium phosphates, and, under certain conditions, their transformation into insoluble ones [21] .
Such widely used methods of decellularization as enzymatic treatment, hypotonic shock, treatment with sodium dodecylsulfate detergent, along with effective decellularization, do not completely suppress a calcification. Furthermore, there is a structural damage to the tissue matrix proteins after their application.
Particularly widespread is the method of decellularization with the calcium-free solution with ethylenediaminetetraacetic acid (EDTA). This avoids damages of the tissue matrix during its decellularization processing and later prevents degeneration, as a consequence of its calcification [1] . EDTA is a chelate, capable of binding calcium ions, so that the interaction between cadherins becomes broken and the physical connection of cells into a single fabric is weakened. This leads to cells dissociation.
At the same time, the higher concentration of EDTA, according to published data, is able to initiate apoptosis processes [5, 9] . Furthermore, as a chelator of calcium, magnesium and other metal ions, EDTA is used to suppress the accumulation of calcium and phosphate in mitochondria during cell death. However, it should be noted that this method of decellularization does not allow achieving a complete removal of dead cells from the depth of the matrix. Obviously, this is due to the fact that cells can migrate from the surface of the treated tissue to its depth as a result of negative chemotaxis. Nevertheless, this type of decellularization processing induces apoptotic cell death in the donor grafts. Over time, macrophages be realized it in vivo [5] .
